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Introduction. Dust particles produced during 
construction activities have a significant impact on the 
air quality of urban environments, particularly in the 
growing number of megacities in the world. While it is 
known that the fracture and crushing of concrete gives 
rise to large quantities of dust, it is not that well known 
that this process also produces ultrafine particles. Kumar 
et al (2012) observed that over 90% of the particles by 
number produced during concrete recycling activities 
were in the ultrafine size range. This is of concern as 
these small particles can penetrate deeper into the human 
lungs and therefore have a greater impact on health than 
coarser particles (Oberdorster et al., 2005). 
 
Methods. We carried out a series of laboratory studies in 
order to investigate the nature and origin of these 
ultrafine particles. These experiments were conducted 
within a 1 m3 chamber. Concrete samples were fractured 
on the floor of the chamber. Particle size distributions 
were measured with a scanning mobility particle sizer 
(SMPS) in the size range 5-300 nm. An inlet dust filter 
prevented coarse dust from entering the sampling tube. 
Particles in selected size ranges were passed through a 
Volatility Tandem Differential Mobility Analyser 
(VTDMA) to study their volatility and composition 
(Johnson et al., 2005). The concrete samples were placed 
on a wooden support on the base of the box and struck 
several times with a heavy hammer until a sufficiently 
high ultrafine particle number concentration was 
obtained. The monitoring equipment was placed outside 
the chamber with the sample air being continuously 
drawn out of the chamber for analysis. 
 
Results. Striking the concrete samples with the face of 
the hammer normal to its surface did not lead to its 
fracture. Under such conditions, no ultrafine particles 
were observed. Fracture of the concrete generally took 
place during a glancing blow. Significantly large 
ultrafine number concentrations were observed only 
when the concrete fractured. The count median diameter 
(CMD) of the particles that were so produced was 38 
nm. Fig 1 shows a typical SMPS scan of the particle size 
distribution obtained during one such experiment. 
The VTDMA experiments showed that the ultrafine 
particles were almost totally volatile. Fig 2 shows a 
typical VTDMA scan obtained at a particle size of 44 
nm. The characteristic volatilisation temperature is 
observed to be around 86°C.  
 
Fig 1: The ultrafine particle number size distributions 
obtained in two separate experiments soon after the 
concrete sample was fractured with approximately ten 




Fig 2: Result of a VTDMA experiment with concrete 
emission particles of diameter 44 nm. The volume 
fraction remaining is the ratio of CMD/CMDmax. 
 
Conclusions. We conclude that ultrafine particles are 
produced only when the concrete is fractured and that 
these particles are volatile at a temperature of about 
80ºC. No ultrafine particles were produced when the 
concrete was struck, however hard, with no fracture. 
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